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The subjective measures used to study mood disorders in humans cannot be replicated in animals; however, the increasing application of 
objective neuropsychological methods provides opportunities to develop translational animal tasks. Here we describe a novel behavioral 
approach, which has enabled us to investigate similar affective biases in rodents. In our affective bias test (ABT), rats encounter two 
independent positive experiences — ^the association between food reward and specific digging substrate — during discrimination learning 
sessions. These are performed on separate days under either neutral conditions or during a pharmacological or affective state 
manipulation. Affective bias is then quantified using a preference test where both previously rewarded substrates are presented together 
and the rat's choices recorded. The absolute value of the experience is kept consistent and all other factors are counterbalanced so that 
any bias at recall can be attributed to treatment. Replicating previous findings from studies in healthy volunteers, we observe significant 
positive affective biases following acute treatment with typical (fluoxetine, citalopram, reboxetine, venlafaxine, clomipramine) and atypical 
antidepressants (agomelatine, mirtazapine), and significant negative affective biases following treatment with drugs associated with 
inducing negative affective states in humans (FG7I42, rimonabant, 1 3-cis retinoic acid). We also observed that acute psychosocial stress 
and environmental enrichment induce significant negative and positive affective biases, respectively, and provide evidence that these 
affective biases involve memor/ consolidation. The positive and negative affective biases induced in our test also mirror the 
antidepressant and pro-depressant effects of these drugs in patients suggesting our test has both translational and predictive validity. Our 
results suggest that cognitive affective biases could contribute to drug- or stress-induced mood changes in people and support the 
hypothesis that a cognitive neuropsychological mechanism contributes to antidepressant drug efficacy. 
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INTRODUCTION 

The lack of good translational animal tests for psychiatry 
research is a major obstacle to the development of new 
treatments, and limits the interpretation of animal experi- 
ments investigating disease biology (Cryan and Holmes, 
2005; Cryan and Slattery, 2007; Nestler and Hyman, 2010; 
Keeler and Robbins, 2011, Berton et al, 2012). Affective 
disorders such as depression represent a major social and 
economic cost (Moussavi et al, 2007) yet researching their 
basic biology, identifying novel drug targets, and evaluating 
the efficacy of nev^ treatments are severely restricted by the 
animal tests currently available. Studies in animals have also 
failed to predict clinical outcomes in relation to safety and 
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pro-depressive side effects. Current methods used to assay 
depression-related behaviors, such as the forced swim test, 
work well for drugs with mechanisms of action similar to 
current ones but do not offer a good approach for 
investigating novel drug mechanisms (Berton et al, 2012). 
These limitations may underlie the lack of development of 
new, improved treatments and are known to have led to 
very costly failures within the drug industry. For example, 
aprepitant, the neurokinin receptor antagonist, lacked 
efficacy in patients despite animal studies predicting an 
antidepressant profile (Hickie and Rogers, 2011). The anti- 
obesity drug, rimonabant, was withdrawn from the market 
following evidence that its use was associated with an 
increased risk of suicidal tendencies and depression, 
something which the animal safety studies undertaken 
failed to predict (Rumsfeld and Nallamothu, 2008). 

Recent advances in the use of cognitive neuropsycholo- 
gical testing in human depression research have provided a 
new opportunity for developing translational methods in 
non-human species. A cognitive model of depression was 
first proposed by Beck, (1967) and has received renewed 
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interest in recent years. Cognitive neuropsychological 
research has revealed that affective disorders are associated 
with negative biases in emotional processing and cognition 
(Beck, 1967; Gur et al, 1992; Watkins et al, 1996; Surguladze 
et al, 2005; Leppanen, 2006; Ressler and Mayberg, 2007; 
Mathews and MacLeod, 2005; Gotlib and Joormann, 2010; 
Elliott et al, 2011; Roiser et al, 2012). Studies investigating 
emotional recognition, categorization, and memory have 
shown that both depressed patients and those with a 
vulnerability to depression exhibit negative cognitive biases 
(Gur et al, 1992; Watkins et al, 1996; Surguladze et al, 2005; 
Leppanen, 2006; Ressler and Mayberg, 2007; Mathews and 
MacLeod, 2005; Gotlib and Joormann, 2010; Elliott et al, 
2011; Roiser et al, 2012). One of the most exciting 
observations using these approaches has been consistent 
data showing that acute and short-term treatments with 
antidepressant drugs induce a positive shift in emotional 
processing (Harmer et al, 2008; Harmer et al, 2009; Pringle 
et al, 2011; Roiser et al, 2012). Recent findings also suggest 
that acute administration of an antidepressant modifies 
autobiographical memories associated with personal 
experiences (Papadatou-Pastou et al, 2012). Neuroimaging 
studies broadly confirm relevant functional effects of anti- 
depressants in regions such as the amygdala and orbito- 
fronal cortex, whereas hyperactivity in the subgenual 
cingulated cortex has been linked to depressed mood 
(Leppanen, 2006; Ressler and Mayberg, 2007; Pringle et al, 
2011). Taken together, these observations suggest that a 
specific cognitive mechanism has an important role not 
only just in the development and perpetuation of depres- 
sive illness (Elliott et al, 2011; Roiser et al, 2012) but 



also its treatment with antidepressant therapies (Harmer 
et al, 2009; Pringle et al, 2011; Roiser et al, 2012). Further, 
it provides a new paradigm for screening novel antidepres- 
sant drugs in humans. It could also provide a bridging 
mechanism for back-translation of such screening tests into 
rodents. 

Developments in the animal welfare field provided the 
first evidence that non-human species exhibit cognitive 
affective biases (Harding et al, 2004; Mendl et al, 2010), 
although pharmacological validation of these approaches 
has been limited (Anderson et al, 2013). In this study, we 
describe the evaluation of an affective bias test (ABT) for 
rats designed to test the hypothesis that drugs with acute 
effects on affective bias in human will have the same effects 
in rodents (Figure la). In our ABT, rats encounter two 
independent positive experiences — the association between 
food reward and specific digging substrate — during dis- 
crimination learning sessions. These are performed on 
separate days under either neutral conditions or during a 
pharmacological or affective state manipulation (Figure lb). 
Affective bias is then quantified using a preference test 
where both previously rewarded substrates are presented 
together and the rat's choices recorded. The absolute value 
of the experience is kept consistent and all other factors are 
counterbalanced so that any bias at recall can be attributed 
to treatment, as predicted by our hypothesis (Figure la). 
To test the predictive validity of the task, we investigated 
both typical and atypical antidepressants, drugs known to 
induce negative affective states in human, and a number of 
control treatments including drugs of abuse. We further 
investigated affective bias in this task using psychosocial 
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Figure I Hypothesis, method overview, and results from experiment design validation. The task is designed to test the hypothesis that the manipulations 
used during learning will induce a bias at recall, which predicts their effects on mood and emotional processing seen in human (a). Animals undergo a 5-day 
training and testing procedure (b). This involves the acquisition of two independent positive experiences (substrate-reward association learning in a bowl 
digging, discrimination task) over four counterbalanced pairing sessions under control or treatment conditions. Treatment-induced affective bias is then 
assayed by recording the number of choices made for each substrate-reward association. An example of the experimental procedure for one animal is 
shown in b. All conditions are fully counterbalanced and the positions of the bowls are pseudorandom to ensure rats do not use spatial cues. The results 
shown in c illustrate control experiments undertaken to test the validity of the experiment design. Vehicle vs vehicle treatment confirmed that the assay 
design does not result in a significant bias (one sample t|5 = 0.56, p = 0.58, n= 16). We also show that rats will bias their responding toward the substrate 
they previously learnt to associate with the higher value reward (c, one sample t-test, t|5 = 4.2, **p<O.OOI, n= 16). Data shown as mean % choice 
bias ± SEM (Veh, vehicle control). 
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manipulations of affective state and tested whether the 
mechanism involved memory consolidation. 

MATERIALS AND METHODS 
Apparatus 

The animals were tested in a Perspex arena, 40 cm^. The 
substrates, eg, paper bedding, sawdust, sand, cloth, perlite, 
etc, were placed in glazed pottery bowls and presented in a 
pseudo-random order in the left or right position to prevent 
the rats using spatial cues. 

Subjects. The animals used were 6 cohorts of 16 male 
Lister-hooded rats weighing approximately 300-350 g at the 
start of dosing (Harlan, UK), housed in groups of two to 
four under temperature-controlled conditions and a 
12:12h light-dark cycle (lights off at 0700 h). They were 
maintained at approximately 90% of their free-feeding 
weight by restricting access to laboratory chow (Purina, 
UK) to ^18g per rat per day. Water was provided ad 
libitum. All procedures were conducted in accordance with 
the requirements of the UK Animals (Scientific Procedures) 
Act 1986 and in accordance with local institutional guide- 
lines. All behavioral testing was carried out between 0900 h 
and 1700 h during the animals' active phase. 

Training. On the first day of training, one pellet (45 mg 
sucrose tablet, Sandown Scientific, UK) was buried within 
the sawdust of two bowls, and another three placed on top 
to encourage digging. Each rat was individually placed in 
the test arena and given 10 min to explore or until all pellets 
had been consumed and the rat had left the second bowl. 
On the consecutive training day, a single sugar pellet was 
buried in each bowl and the rats were allowed 5 min to 
explore both bowls. Training was complete when each rat 
was able to find the pellet in both bowls on 12 consecutive 
trials. 

ABT: general protocol. Each study followed a standard 
protocol of four pairing sessions followed by a choice test 
session on the fifth day. All pharmacological studies were 
carried out blinded to treatment. Control experiments with 
two vs one reward pellet and psychosocial manipulations of 
affective state were blind for the preference test session 
only. Animals were randomly assigned to one of four 
counterbalanced groups to prevent bias associated with 
substrate, drug, or treatment day. A summary is given in 
Supplementary Table 1. 

Reward pairing. Each pairing session consisted of in- 
dividual trials in which the rat was required to choose 
between one of the two bowls to locate a sugar pellet reward. 
In each of these trials, one of the bowls contained a 'reward- 
paired' substrate and the other contained a different, 'blank' 
substrate. The blank substrate was the same for all pairing 
sessions. In the blank substrate, the equivalent number of 
sugar pellets was crushed into the bowl to avoid discrimina- 
tion from reward-paired substrate (A or B) based on odor. 
The rat was placed in front of the two bowls and allowed to 
dig in one of the two bowls. Once the animal began to dig. 
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the other bowl was removed from the test arena. Digging in 
the reward-paired substrate was recorded as a correct trial, 
and digging in the blank substrate was recorded as an 
incorrect trial. The latency to dig was also recorded for each 
trial and the session was completed once the rat reached a 
criterion of six consecutive correct trials (the probability of 
making a six consecutive correct choices by chance being 

0. 015). The second pairing session followed the same pro- 
tocol, but the rats were presented with the second reward- 
paired substrate. The two pairing sessions were repeated to 
give a total of four sessions on consecutive days. 

Preference testing. On the fifth day, the rats were 
presented with both reward-paired substrates for a total of 
30 trials. A single-pellet reward was placed using a random 
reinforcement protocol such that there was a one in three 
reward probability for each substrate. 

Effect of absolute reward value (1 or 2) on affective 
bias. Reward-pairing sessions were as described except 
one reward-paired substrate was paired with a single sugar 
pellet, whereas the other was paired with two sugar pellets. 
During choice testing, both substrates were rewarded 
equally with a single sugar pellet using the random reinfor- 
cement protocol. 

Systemic pharmacological treatments. One substrate was 
paired following drug pre-treatment vs vehicle treatment. 
The absolute value of the reward (one pellet) was the same 
for each session. All dose-response drug studies used a 
within- subject fully counterbalanced drug treatment sche- 
dule across 4 weeks (eg, three doses of drug plus vehicle) so 
that on any given week, all treatments were equally 
represented. Single-dose experiments followed the same 
protocol but using only one dose of the drug. 

Drugs 

Fluoxetine^ (0.3, 1.0, 3.0mg/kg, i.p., t= —30 min), citalo- 
pram^ (0.1, 0.3, 1.0, 3.0mg/kg, i.p., t= — 30min), rebox- 
etine^ (0.1, 0.3, l.Omg/kg, i.p., t= — 30min), venlafaxine^ 
(1.0, 3.0, lO.Omg/kg, i.p., t=— 30min), clomipramine^ 
(l.Omg/kg, i.p., t= —60 min), diazepam^ (0.3, 1.0, 3.0mg/kg, 

1. p., f=— 30min), and morphine sulfate^ (5.0mg/kg, 
t = — 30 min) were purchased from Tocris Bioscience, UK. 
13-ds-Retinoic acid^ (1.0, 3.0, lO.Omg/kg, i.p., t= — 60 min), 
FG7142^ (1.0, 3.0, 5.0mg/kg, i.p., t= -30min), nicotine^ 
(0.06mg/kg, i.p., t=— 30min), cocaine^ (3.0mg/kg, i.p., 
t= — 10 min), amphetamine (l.Omg/kg, i.p., t= — 15 min), 
and alcohol^ (800mg/kg, i.p., t = — 30 min) were purchased 
from Sigma- Aldrich, UK. Rimonabant^ (1.0, 3.0, lO.Omg/kg, 
i.p., t= — 30min), agomelatine^ (0.1, 0.3, l.Omg/kg, i.p., 
t= -30min), and aprepitant^ (0.3, 1.0, 3.0, 10.0, 30.0mg/ 
kg, i.p., t= — 30 min) were kindly provided by Pfizer. Drugs 
were dissolved in 0.9% sterile saline^ or 10% DMSO, 20% 
cremophor, 80% saline vehicle^ in a dose volume of 1 ml/kg. 

All drug doses were selected based on previous studies 
and in-house data kindly provided by Pfizer. For the 
antidepressant drugs, dose were based on ED50 data from 
in vivo displacement of [^H]citalopram (fluoxetine = 0.75 
mg/kg, citalopram = 0.1 mg/kg; venlafaxine = 3.6 mg/kg, s.c. 
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Anne Schmidt, personal communication) or [^H] nisoxetine 
(reboxetine, 3mg/kg s.c, ^70% NET occupancy, Gray 
et al, personal communication). The doses used were also 
in a similar range to those published in our previous 
behavioral studies using monoamine reuptake inhibitors 
(Robinson, 2012; Humpston et al, 2013). Doses for agome- 
latine (Bourin et al, 2004), aprepitant (Wallace-Boone et al, 
2007), FG7142 (Rogers et al, 1995), rimonabant (Tzavara 
et al, 2003), and 13-cis-retinoic acid (Ferguson et al, 2005; 
O'Reilly et al, 2006) were based on previous studies in 
rodents. Doses used for diazepam were based on previous 
studies showing anxiolytic effects in other animal models 
(Wieland and Lucki, 1990). The drugs of abuse were tested 
at doses previously shown to be effective in conditioned 
place preference experiments (Bardo et al, 1995; Stewart 
et al, 1996). 

Restraint stress and isolation housing. One substrate was 
paired during a 24-h period of isolation housing (1700- 
1700 h) and immediately following 10 min in a restraint tube 
(^ 09.00 h). Isolated rats were housed in unenriched cages 
separated with paper partitions to prevent visual contact 
between animals. The other substrate was paired during 
control conditions (normal group housing and without 
restraint stress). Isolated animals were returned to their 
home cages at 1700h on day 4, before choice testing on 
day 5. 

Social play. One substrate was paired during an 8-h 
period of 'social play' (0900-1700 h). During this period, 
animals were placed in groups of eight in a highly enriched 
arena (100 x 100 x 50 cm^) with access to water ad libitum. 
All rats had been habituated to the arena for ^ 2 h per day 
for 5 consecutive days before the start of the study. 

Effects of treatments before and immediately after pairing 
sessions. One substrate was paired with the venlafaxine 
treatment (3mg/kg, i.p.) or restraint stress and isolation 
housing, administered before or immediately following the 
pairing session. 

Statistical analysis. Graphs were constructed using Gra- 
phad Prism 4.0 (Graphpad Software, USA). Choice bias was 
calculated based on the number of choices made for the 
treatment-paired substrate vs the total number of trials 
(30/animal). Latency and trials to criterion were recorded 
during pairing sessions and analyzed to determine if the 
drug had any nonspecific effects, eg, sedation, anorexia. 
Statistical analyses were performed using SPSS ver 16. For 
the dose response experiments, choice bias data were 
analyzed using a repeated-measures ANOVA with TREAT- 
MENT as factor. Post hoc analysis for each drug dose used a 
one-sample t-test against a theoretical mean of 0% choice 
bias. Analysis of the choice latency and trials to criterion 
was made using a paired t-test comparing drug vs vehicle 
for the pairing sessions. Choice data for single-dose studies 
were made using a one- sample t-test against a theoretical 
mean of 0% choice bias. Where appropriate, between 
treatments comparisons were made using a paired t-test. 



RESULTS 

Evaluation of Experiment Design Validity 

Experiments performed using two neutral treatments 
confirmed the experiment design with no significant bias 
observed (one sample t-test, tis = 0.56, p = 0.58, n = 16/grp) 
and a mean choice bias close to zero percent (Figure Ic). 
In our second control experiment, we doubled the absolute 
value of the reward during one of the pairing sessions to 
determine whether rats would bias their subsequent choices 
toward the previously encountered 'more positive' experi- 
ence. Consistent with our prediction, animals made 
significantly more choices (one sample f-test, ti5 = 4.2, 
p< 0.001, n = 16) for the substrate previously paired with 
the higher amount of reward (Figure Ic). Paired t- tests 
revealed that during the two-pellet pairing sessions animals 
were faster to respond (test group 2) or faster to learn the 
association (test group 1). A summary of the results from 
the pairing session are given in Supplementary Table 2. 



Acute Treatment with Typical and Atypical 
Antidepressants Induce Positive Affective Biases in Rats 

Acute treatment with the serotonin-specific reuptake inhibi- 
tor (SSRI), fluoxetine, induced a highly significant positive 
bias in rats (0.3-3.0 mg/kg, RM ANOVA, F3,45 = 6.10, 
p = 0.0014, Figure 2a). A similar effect was also observed 
for the SSRI, citalopram (0.1-1.0 mg/kg, RM ANOVA, 
^3,45 = 1-9, p = 0.046, Figure 2b). We observed that results 
for both SSRIs, although more clearly seen with citalopram, 
exhibited bell-shaped dose-response curves over a narrow 
dose range. We observed that individual animals showed 
different levels of sensitivity to the SSRIs, suggesting their 
ability to induce a positive affective bias was highly dose 
dependent. The noradrenaline-specific reuptake inhibitor, 
reboxetine (0.1-1.0 mg/kg, RM ANOVA, F3,45 = 7.15, 
p = 0.0005, Figure 2c), and mixed serotonin and noradrena- 
line reuptake inhibitor, venlafaxine (0.3-10.0 mg/kg, RM 
ANOVA, F3,45 = 4.43, p = 0.0082, Figure 2d), induced a 
significant positive affective biases in rats. 

Acute treatment with agomelatine, a melatonergic agonist 
and 5-HT2C antagonist, induced a significant positive affec- 
tive bias (0.1-1.0 mg/kg, RM ANOVA, F3,45 = 4.1, p = 0.01, 
Figure 2e), suggesting the assay is also sensitive to drugs 
acting through a non-monoamine reuptake mechanism. 
In contrast, the neurokinin antagonist, aprepitant exhibited 
only weak efficacy in our test. Using low doses, a significant 
main effect of treatment was observed (0.3-10.0 mg/kg, 
RM ANOVA, F3,45 = 2.9, p = 0.029, Figure 2f), although no 
individual dose was significantly different from 0% choice 
bias. In a second dose response experiment, using higher 
doses, no significant main effect was seen (10-30 mg/kg, 
RM ANOVA, F2,3o = 1.89, p = 0.11), suggesting aprepitant 
exhibits limited efficacy in this test. In this second 
experiment, aprepitant also significantly slowed the 
choice latency during pairing sessions at both 10 and 
30 mg/kg (Supplementary Table 3). None of the other 
antidepressant drug treatments altered discrimination 
learning or motivation during the pairing sessions 
(Supplementary Table 3). 
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Figure 2 Acute treatment with typical and atypical antidepressants induce a positive affective bias in rats. Acute treatment with antidepressant drugs 
induced significant, dose-dependent positive affective bias in rats. The results shown in panel a illustrate induction of positive bias following acute treatment 
with the serotonin-specific reuptake inhibitors fiuoxetine (RM ANOVA, F3,45 = 6.I0, p = 0.00 1 4, n=\6) and citalopram (KM ANOVA, F3,45 = 1 .9, 
p = 0.046, b). The noradrenaline reuptake inhibitor, reboxetine (RM ANOVA, F3_45 = 7. 15, p = 0.0005, n = I 6, c), and mixed noradrenaline and serotonin 
reuptake inhibitor, venlafaxine (RM ANOVA, F3 45 = 4.43, p = 0.0082, d), both induced a significant dose-dependent positive affective bias. The atypical 
antidepressant, agomelatine induced a significant positive bias (RM ANOVA, F3 45 = 4. 1, p = O.OI, e), whereas aprepitant showed only weak efficacy (RM 
ANOVA, 0- 1 0 mg/kg, F3,45 = 2.9, p = 0.029, RM ANOVA 0-30 mg/kg, F3,45 = 2.32, p = 0. 1 I , f) with no post-hoc significant difference observed. Data shown 
as mean % choice bias±SEM, *p<0.05, **p<O.OI, ***p<O.OOI (one sample t-test against the theoretical mean of 0%). Dotted line indicates different 
experiments. 
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Pharmacological Induction of an Acute Negative 
Affective State Induces a Negative Affective Bias 

Animals treated with the cannabionoidi receptor antago- 
nist/inverse agonist, rimonabant made significantly fewer 
choices for the substrate-reward experience encountered 
following treatment indicating a negative affective bias (1.0- 
10.0 mg/kg, RM ANOVA, F3,45 = 2.04, p = 0.03. Figure 3a). 
Although at lower doses rimonabant tended to induce a 
positive affective bias, the higher doses induced a significant 
negative bias. Animals made significantly fewer choices for 
the substrate-reward experience encountered following 
treatment with FG7142 indicating induction of a negative 
affective bias (1.0-5.0 mg/kg, RM ANOVA, F3,45 = 5.23, 
p = 0.004, Figure 3b). Treatment with the active ingredient 
of Roaccutane, 13-czs-retinoic acid tended to induce a 
negative affective bias (1.0-3.0 mg/kg, RM ANOVA F = 3.18, 
p = 0.056) and a 10 mg/kg dose induced a significant 
negative bias when administered using the single dose 
method (^15 = 4.1, p = 0.0009). Treatment with rimonabant, 
FG7142, or 13-czs-retinoic acid had no significant effects 
during discrimination learning (Supplementary Table 4). 

Specificity of the Rodent ABT 

Acute treatment with the non-antidepressant anxiolytic, 
diazepam (0.3-3.0 mg/kg), did not induce a significant bias 
at recall (Figure 4a). However, at the highest dose, the drug 
induced a significant increase in choice latency during 
pairing sessions associated with drug treatment (^15 = 2.8, 



p< 0.014; Supplementary Table 5). No significant affective 
bias, positive or negative, was observed when the assay was 
run using acute administrations of a either stimulant or 
non-stimulant drugs of abuse (Figure 4b). Each drug was 
tested at a dose previously shown to induce conditioned 
place preference in animals (Bardo et al, 1995; Stewart et al, 
1996). Both morphine (5 mg/kg) and alcohol (800 mg/kg) 
induced a significant increase in choice latency during 
pairing sessions associated with drug treatment 
(Supplementary Table 5), probably due to sedative effects. 
Animals treated with a higher dose of amphetamine 
(1.0 mg/kg) or cocaine (10.0 mg/kg) failed to complete the 
pairing sessions (data not shown). We also tested two 
further antidepressants, mirtazapine (0.3 mg/kg) and clo- 
mipramine (1.0 mg/kg), and show that acute treatments 
resulted in a positive bias in the ABT (Figure 4b). 

The ABT is Sensitive to Affective State Changes Induced 
by Psychosocial Manipulations in Rats 

Induction of an acute negative affective state, using res- 
traint stress and isolation housing, resulted in animals 
making significantly fewer choices for the substrate-reward 
experience associated with the affective manipulation 
(ti5 = 4.8, p = 0.0002, Figure 4c). These effects were similar 
in magnitude to the results obtained following pharmaco- 
logical manipulations (Figure 3a-c). Rats made significantly 
more choices for the substrate-reward associations learnt 
during exposure to the enriched environment, suggesting 
that social enrichment induces a positive affective bias 
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Figure 3 Drugs known to induce negative affective states in human 
induce negative affective biases in rats following acute treatment. The 
results shown in a illustrate induction of negative affective bias following 
acute treatment with the CB I -antagonist/inverse agonist, rimonabant (RM 
ANOVA, F3,45 = 2.04, p = 0.003, n = 16, a). A similar, significant negative 
affective bias was observed for the anxiogenic benzodiazepine inverse 
agonist, FG7I42 (RM ANOVA, F3,45 = 5.23, p = 0.004, n = 1 6, b). 
Treatment with I 3-c/s-retinoic acid tended to induce a negative affective 
bias (RM ANOVA 0-3 mg/kg, F2,3o = 3.l8, p = 0.056) with post-hoc t-test 
against the theoretical mean suggesting an effect at 3 mg/kg (p<0.05 in 
parenthesis, c). A further, single-dose study using 10 mg/kg retinoic acid 
revealed a significant negative affective bias (t|5 = 4. 1, p = 0.0009, c). Data 
shown as mean % choice biasiSEM, *p<0.05, **p<O.OI, ***p<O.OOI 
(one sample t-test against the theoretical mean of 0% or paired t-test). 
Dotted line indicates different experiments. 



similar to the effects seen following antidepressant drug 
treatment (^15 = 2.7, p = 0.017, Figure 4c). 



Role of Memory Consolidation in Affective Bias 

Using restraint stress and isolation housing, we show that 
there is no significant effect of the timing of the affective 



manipulation, indicating that the negative affective bias 
observed is specific and probably involves effects on 
memory consolidation post-encoding (Figure 4d). Venla- 
faxine treatment before and immediately after learning 
resulted in a significant, positive affective bias (Figure 4d). 
Although there is a tendency for the effects post-learning to 
be lower, this is not significantly different from pre-learning 
administration. 



DISCUSSION 

Our assay was specifically developed to test whether 
pharmacological and non-pharmacological manipulations 
induce biases in rodent choice behavior and how these 
relate to affective state and mood changes in humans. Our 
initial experiments confirmed the design of the assay and 
its sensitivity to absolute changes in reward value. Results 
from the ABT, using acute antidepressant drug treatments, 
revealed significant positive affective biases in rats replicat- 
ing the results in healthy volunteers (Table 1, Pringle et al, 
2011). We observe similar positive affective biases following 
acute treatments with both typical and atypical antidepres- 
sants. Treatment with fluoxetine, citalopram, clomipramine, 
reboxetine, or venlafaxine induced a significant positive 
affective bias, although the effects of the SSRIs tended to be 
bell-shaped, an effect that may relate to their tendency to 
induce anxiogenic effects at higher doses. We also observed 
a relatively higher efficacy with fluoxetine vs citalopram, 
which may result from differences in their pharmacoki- 
netic profile. Citalopram was found to have a relatively 
short half-life in rats (Arnt et a/, 1984), whereas fluoxetine 
has a long half-life of about 24 h (Wong et al, 1990). In this 
study, we only tested the racemic mixture of citalopram and 
the S-isomer is known to be more effective, whereas the 
R-isomer has been proposed to reduce overall efficacy 
through competition for the binding site on the serotonin 
transporter (Casper et al, 2009). Further studies using 
escitalopram will be needed to address this. It is also 
interesting to note that our results found significant effects 
with the monoamine reuptake inhibitors at doses which 
were lower than those effective in animal models of 
depression such as the forced swim test (Table 1), although 
similar to doses previously shown to be effective in 
cognitive behavioral tests in rodents (Robinson, 2012; 
Humpston et al, 2013. 

A similar positive bias was also observed following 
treatment with agomelatine and mirtazapine but not 
aprepitant consistent with their antidepressant efficacy, or 
lack thereof, in depressed patients (Keller et al, 2006; Hickie 
and Rogers, 2011). Similar to the effects of antidepressant 
treatment, environmental enrichment induced a small but 
significant positive bias suggesting that non-pharmacologi- 
cal induction of a positive affective state induces a similar 
positive affective bias in this test. Although these studies 
used experience of a positive event rather than the 
processing of an emotional stimulus, as measured in human 
studies, a similar acute effect of antidepressant drugs was 
observed. 

In our study, both pharmacological and non-pharmaco- 
logical inductions of negative affective states were shown to 
induce negative affective bias in rats in this task. The 
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Figure 4 Pharmacological and psychosocial manipulations reveal that affective bias is specific to manipulations associated with mood changes in human 
and may involve memory consolidation. Neither the anxiolytic, diazepam (panel a), nor any of the drugs of abuse tested (b) induce any significant affective 
bias (COC, cocaine; AMP, amphetamine; NIC, nicotine; MOR, morphine; ETH, ethanol). The antidepressants clomipramine (CLO) and mirtazapine (MIR) 
induced positive affective biases (b). The ABT is also sensitive to psychosocial manipulations of affective state in rats (c). Restraint stress and social isolation 
during substrate- reward learning induced a significant negative choice bias at recall (t|5 = 4.8, p = 0.0002). Conversely, animals undergoing a period of social 
play during learning showed a significant positive bias (t|5 = 2.7, p = O.OI7). Results in d show that affective bias in the task involves memory consolidation. 
Restraint stress immediately following {t\s = 2.8, p = 0.0 1 3), as well as before {t\s = 2.8, p = 0.0 1 3) substrate-reward learning, induced a significant negative 
bias at recall. Similarly, venlafaxine induced a significant positive bias in animals treated before (t|5 = 7.8, p< 0.000 1) or immediately following learning 
(t 1 5 = 5.0, p = 0.0002). Data shown as mean % choice bias ± SEM, *p < 0.05, **p < 0.0 1 , ***p < 0.00 1 (one sample t-test against the theoretical mean of 0% 
or paired t-test). 



Table I Comparison Between ObserA/ations in Neuropsychological Studies of Emotional Processing in Healthy Volunteers, Rodent Forced 
Swim Data and Results from Our Rodent Affective Bias Test 





Clinical effects/side 
effects 


Facial emotion 
recognition (mg)^ 


Emotional 
memory (mg)^ 


Forced swim 
test (mg/kg)" 


Affective bias 
test (mg/kg)'' 


References 


Citalopram 


Antidepressant 


Pes (20) 


Pes (20) 


Pes (5-20) 


Pos (1.0-3.0) 


Harmer et al, 2004; Browning et al, 2007 


Reboxetine 


Antidepressant 


Pes (4.0) 


Pes (4.0) 


Pos (10) 


Pos (0.3-1.0) 


Harmer et al, 2003; Harmer et al, 2004; 
Connor eto/, 1999 


Mirtazapine 


Antidepressant 


Pes (15) 


Pes (15) 


Pes (20) 


Pos (0.3) 


Arnone et al, 2009; Reneric et al, 2002 


Agomelatine 


Antidepressant 


Pes (25) 


Pes (25) 


Pos (4-32) 


Pos (1.0) 


Harmer et al, 20 1 1 ; Bourin et al, 2004 


Aprepitant 


Failed antidepressant 


Pes (125) 


Neu (125) 


Pos" (1.0-30) 


Neu (0.3-10) 


Chandra et al, 2010; Wallace-Boonce 
et al, 2007 


Diazepam 


Benzodiazepine 
anxiolytic 


Neu (5.0) 


Neu (5.0) 


Neu (5.0) 


Neu (3.0) 


Murphy et al, 2008; Wieland and Lucki, 
1990 


Amphetamine 


Psychostimulant 


Neu^ (20) 


Neu (20) 


Pos (10) 


Neu (0.3) 


Wardle et al, 20 1 2; Porsolt et al, 1 977; 
Wieland and Lucki, 1990 


Rimonabant 


Anti-obesity, pro- 
depressant side effects 


Neu (20) 


Neg (20) 


Pos (3.0) 


Neg (1.0-3.0) 


Horder et al, 2009; Tzavara et al, 2003 



Facial emotion recognition: effect on perception and/or threshold of facial expression of emotion following acute or short-term treatment. 
Emotional memory: effect on recall or recognition of positive vs negative personality characteristics following acute or short-term treatment. 
Affective bias test: effect on choice bias. 
Forced swim test: effect on immobility time. 

'Pos' indicates a positive effect (enhanced positive and/or reduced negative), 'Neg' indicates a negative effect (reduced positive and/or enhanced negative), 
'Neu' indicates no significant effect. 
^Total dose. 

^Effective dose (or full experimental dose range where no significant effect was observed). 
'^Gerbil forced swim test. 

^Decreased threshold for detecting both positive and negative emotions. 
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pharmacological treatments used have previously been 
shown to induce negative affective symptoms in human 
(Evans and Lowry, 2007; Rumsfeld and Nallamothu, 2008; 
Horder et al, 2009; Bremner et al, 2012) and psychosocial 
stress is thought to have an important role in the 
development of depression (Heim et al, 2008; Vreeburg 
et al, 2009; Wingenfeld and Wolf, 2011). Pharmacological 
induction of negative affective states and their effects on 
cognition have not been widely studied in humans, 
however, acute treatment with rimonabant induces negative 
biases in emotional processing in healthy volunteers 
(Horder et al, 2009), and therapeutic use increases the risk 
of developing depressive symptoms and causes suicidal 
ideation in some patients (Rumsfeld and Nallamothu, 2008). 
Similarly, treatment with 13-czs-retinoic acid has been 
associated with an increased incidence of depression in 
patients (Bremner et al, 2012). These results mirror the 
findings in human suggesting this test could provide a 
method that predicts risk associated with drug-induced 
adverse psychiatric effects. The results from the psycho- 
social stress manipulation are particularly interesting as 
they suggest that positive experiences encountered during 
a negative affective state are likely to have reduced 
value compared with experiences encountered in a posi- 
tive or neutral affective state. In depression, patients 
exhibit anhedonia and reduced motivation to engage in 
rewarding activities (DSM IV, 1994), an effect that may be 
related to the psychological effects observed in this animal 
paradigm. 

Similar experiments performed with the anxiolytic drug, 
diazepam, and known drugs of abuse, did not induce 
affective biases in this task. One issue that has challenged 
the monoamine hypothesis of depression is the lack of 
efficacy of the stimulant drugs of abuse such as ampheta- 
mine and cocaine, which are also inhibitors of monoamine 
reuptake. In our studies, neither the stimulant nor non- 
stimulant drugs of abuse enhanced reinforcer value at recall 
despite being administered at doses known to induce 
conditioned place preference in animals (Bardo et al, 
1995; Stewart et al, 1996). Recently, a study investigating 
emotional processing in human following amphetamine 
treatment found a similar lack of effect, although the 
authors observed that amphetamine reduced the threshold 
for detection of both positive and negative emotion 
(Wardle et al, 2012). Given our later findings suggesting 
that the effects observed in this assay involve memory 
consolidation, the relatively short half-lives of cocaine and 
amphetamine may also limit their effects on memory 
consolidation. 

Studies in animals have shown that dopamine and opioid 
signaling, associated with mesolimbic pathways, are im- 
portant in the experience of reward and reward value at the 
time they are encountered (Berridge and Kringelbach, 
2008). The fact that the drugs of abuse tested failed to 
induce positive affective biases, suggests that hedonia, 
arising from direct effects on reward systems, is not 
involved in effects we observed. Studies using the sucrose 
preference test have also largely failed to show any hedonic 
or anhedonic effects following acute manipulations of 
affective state (Papp, 2012; unpublished observation), 
suggesting that changes in hedonic processes, at the time 
of ingestion, are not a key mediator of these effects. 



Emotional arousal and stress-induced activation of the 
hypothalamic-pituitary axis, leading to increased levels of 
glucocorticoids, has been shown to enhance memory 
consolidation but impair memory at retrieval (Kim and 
Diamond, 2002). In our study, the direction of the bias 
observed corresponds with affective valence suggesting the 
effects are not due to an enhancement or impairment in 
memory formation but a bias in the value attributed to the 
experience. Control variables recorded during the pairing 
sessions suggest that these biases did not develop as a result 
of direct effects on appetitive behavior or motivation at the 
time of learning. The latency to approach the bowl and dig 
was not significantly altered by drug treatments, which 
induced significant positive or negative affective bias. 
Drugs from a number of different classes and pharmaco- 
logical sites of action were used and the results are 
consistent with their actions on emotional behavior rather 
than appetite or motivation. We also further investigated 
the effects of venlafaxine or psychosocial stress and memory 
by administering the treatments before or immediately 
after exposure to the positive experience (substrate-reward 
association). Both treatments induced similar positive 
and negative affective biases irrespective of the timing 
of treatment, suggesting these results arise from effects 
of treatment on consolidation of the memory of that 
experience. 

In patients treated with antidepressants, their subjective 
reporting of mood does not improve immediately and 
clinical benefits are delayed. The neuropsychological hypo- 
thesis proposes that these delays are due to the fact that the 
subjective awareness of mood is related to a patient's prior 
experiences and memory (Harmer et al, 2009). Time for 
new, positively biased experiences and learning is required 
before the acute effects of treatment of cognitive function 
translate to a shift in memory and subjective experience of 
mood. Our findings add to the neuropsychological hypo- 
thesis to show that acute antidepressant treatments also 
positively bias reward learning to influence memory. These 
animal data suggest that drugs that can induce changes in 
mood state also have acute effects on memories for positive 
experiences biasing the way they are stored long term to 
influence the subsequent behavior. 

Our results suggest that affective state arises from a 
specific neurochemical environment, which also acts to 
modulate memory consolidation. This may involve similar 
processes to those suggested for emotional processing 
biases observed in people and would support the neuro- 
psychological hypothesis of antidepressant drug action 
(Harmer et al, 2009). Considering the similarity of effects, 
we observed between pharmacological and psychosocial 
manipulations, the drugs used may induce neurochemical 
changes in the brain, which mimic the effects of naturally 
induced affective states resulting in drug-induced biases. 
The effects appear to involve actions during memory 
consolidation suggesting they require the affective state or 
drug to retain its actions beyond the initial acquisition 
phase. Drugs with shorter half-lives, eg, stimulants, may not 
have long enough pharmacological action or may not 
involve actions on key transmitter systems. The pharmaco- 
logical profiles of the drugs exhibiting efficacy in this assay 
suggest that direct or indirect effects on the serotonin 
system are important. 
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Rather than the value of a particularly memory being 
formed on the basis of that specific transient experience, 
an evolutionary advantage may be gained by integrating 
the value attributed to individual experiences with the 
overall affective state of the organism. Importantly, 
affective state at the time of the experience does not 
appear to be required for the effects we observe, suggest- 
ing that a rewarding experience can be subsequently 
biased if a later positive or negative affective state is 
encountered. A biological process that integrates experi- 
ences encountered and affective state could offer an 
evolutionary advantage. 

Overall, these findings suggest that our ABT provides a 
non-human assay of cognitive affective bias with both 
translational and predictive validity. We provide evidence 
that drugs which have acute effects on objective measures 
of emotional processing in human induce similar 
effects in our rodent test (Table 1, Pringle et al, 2011). 
Further work is needed to understand more about the 
mechanisms involved in the effects we have observed, 
although our initial studies suggest the affective bias 
observed results from effects on memory consolidation. 
Extending the validation of the assay using additional 
antidepressant treatments and manipulations known to 
induce negative affective states, eg, tryptophan depletion 
and C02-inhalation are necessary. However, this work 
adds support to theories about cognitive neuropsy- 
chological mechanisms in depression (Roiser et al, 2012) 
involving a direct and acute relationship between affective 
state and cognitive processes associated with memory 
for positive experiences, which may have long-term 
effects on behavior. Although we are not able to measure 
affective biases in animals using stimuli directly equivalent 
to healthy volunteer and patient studies, the results 
obtained suggest a good correlation between affective 
bias associated with a positive experience, as measured in 
the ABT, and the biases in emotional processing, parti- 
cularly with regard to memory, seen with similar treatments 
in humans (Harmer et al, 2008; Pringle et al, 2011; Roiser 
et al, 2012). 
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